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A b s tra c t 'Fhc u ltrasonic  velocity and their related tiierm oacoustical param eters were successfully em ployed to  undersiaiid  the structural
changes and the  n a tu re  o f  m o lecu lar in te rac tions in the m ixtures U ltrasonic velocity , density  and v iscosity  in aqueous so liilion o f  glycine. 
L-argminc and L-histidm e and the therm odynam ic param eters viz adiabatic compressibility, therm al expansion cocOicient, specific heat, internal 
pressure, van der W aals ' constant have been com puted from the experimental data ITiesc measurements were earned out bv using the ultrasom c 
pulse echo overlap (PEO ) technique at a frequency o f 2 M Hz at tem perature 298 K„ I h e  observed and calculated therm odynam ic param eters stiow 
nonim ear behaviour w ith increase in m olar concentration o f  ammo acid This indicates the presence ot m olecular mteractiun, complex formation, 
solute-.solvent, d ipole-dipole and hydrogen bonding interaction m the biological fluid m ixtures
K ey w o rd s  : U ltrasonic  velocity, tiierm oacoustical param eters, biological fluid m ixture
PACS No!*. : 43 35 Bf, 82.60 Ll, 65 20 +w
The sludy  o f  p ro p a g a t io n  o f  u lt ra s o n ic  w av e  in  liq u id  a n d  
liquid  m ix tu re s  is  w e ll e s ta b lis h e d  fo r  e x a m in in g  th e  n a tu re  
of m te rm o le c iila r  a n d  in t ra m o le c u la r  in te ra c t io n  in liq u id  
sv.stcm 1 1 ] R e c e n tly , th e r e  h a s  b e e n  a n  in c re a se d  in te re s t in  
(he s la te  o f  w a te r  in  th e  l iv in g  ce ll. F o r tlie  k n o w le d g e  o f  
\N aler-protein  in te ra c t io n , it is  n e c e ssa ry  to  u n d e rs ta n d  I h e  
role a n d  in te ra c t io n  o f  b io lo g ic a l in a c ro m o le c u lc s  m  liv in g  
o rg an ism  | 2 ]. In  re c e n t y e a rs , c o n s id e ra b le  in te re s t h a s  
been d e v e lo p e d  in  u n d e r s ta n d in g  th e  n a tu re  o f  in te ra c t io n  
betw een  a m m o  a c id s  a n d  w a te r  b y  s tu d y in g  its  p a r t ia l  
m olar v o lu m e [3], h e a t c a p a c itie s  [4 ,5 ] a n d  co m p ress ib ility  [6 ]. 
N a m b in a ra y a n a n  [7] h a v e  e x p la in e d  th a t  th e  n a tu re  o f  
m o lecu la r i n t c r a a i o n  in  a q u e o u s  b io lo g ic a l so lu tio n  is 
ra ther c o m p le x . T h e  p re s e n t  n o te  re p o r ts  th e  u ltra so n ic  
and re la te d  th e r m o d y n a m ic a l  p a ra m e te r s  in  th e  aq u e o u s  
so lu tion  o f  b io lo g ic a l m a te r ia l  viz g ly c in e , L -h is tid in e  a n d  
L -arg in ine .
A c c o rd in g  to  th e  m o le c u la r  w e ig h t, th e  so lu tio n  o f  
glycine, L -h isU d in e  a n d  L -a rg in in e  a re  p re p a re d  b y  d is so lv in g  
into 100 m l t r ip le  d is ti l le d  w a te r . T h e s e  a q u e o u s  b io lo g ic a l
so lu tio n s  h a v in g  m o la r ity  0 .01  M  a rc  m ix e d  w ith  w a te r  in  
d iffc ren l c o n c e n tra tio n s . T o ta l 50  m l so lu tio n  w a s  p re p a re d  
fo r th e  m e a s u re m e n t o lT iltra so n ic  velocit> at a fre q u e n c y  o f  
2 M H z  a n d  w as m e a su re d  by u s in g  a n  a u to m a tic  u ltra so n ic  
a tte n u a tio n  re c o rd e r  (A U A R -1 0 2 ) ( In n o v a tiv e  In s tm m e n u  
H y d e rab ad ) a n d  a fre q u e n c y  c o u n te r  A P L A B -1 1 1 6 . T h e  
d e n s ity  a n d  v isc o s ity  w ere  d e te rm in e d  b y  u s in g  h y d ro s ta tic  
s in k e r  m e th o d  a n d  O s tw a ld ’s v is c o m e te r  re sp e c tiv e ly  A  
sp e c ia lly  d e s ig n e d  a n d  fa b n e a te d  s ta in le s s  s te e l ce ll w a s  
u se d  fo r th e  m e a s u re m e n t o f  u lt ra s o n ic  v e lo c ity  T h e  
te m p e ra tu re  o f  f lu id  m ix tu re s  w a s  m a in ta in e d  c o n s ta n t a t 
2 9 8  K  by th e  u se  o f  th e rm o s ta t U -IO .
In  aq u e o u s  g ly c in e , th e  v a r ia t io n  o f  u l tra s o n ic  v e lo c ity  
(u) w ith  m o la r  c o n c e n tra tio n  (C ^ )  is  fo u n d  to  e x h ib i t  a p e a k  
a t C„ o f 0 .0 0 0 3  (F ig u re  la )  w h ile  th e  ad ia b a tic  c o m p ress ib ility  
(/?«), v o lu m e  e x p a n s iv ity  ( a )  v a r ia t io n  w ith  sh o w s a  d ip  
a t c o rre sp o n d in g  co n cen tra tio n  (F ig u re s  la ,  2a) T h e  v a ria tio n s  
o f  in te rn a l p re s su re  (P .) a n d  sp ec if ic  h e a t (Cp) w ith  a re  
b o th  fo u n d  to  e x h ib it a  p e a k  a t o f  0  0 0 1  a n d  a  d ip  a t
0.(X)03 (F ig u re s  3a , 4 a ). T h e  v a n  d e r  W a a ls ’ c o n s ta n t (b)
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in itia lly  d e c re a se s  w ith  Cn, an d  ex h ib its  a d ip  a t 0 .0 0 0 5  
(F ig u re  5a).
a d ia b a tic  c o m p re ss ib il ity  (F ig u re  I c )  sh o w s a  d ip  at the 
c o rre sp o n d in g  c o n c e n tra tio n . T h e  v a r ia tio n s  o f  volum e
110
(■)
Figure I. Variation of ultrasonic velocity (u) and adiabatic compressibility 
(fii) with molar concentration (Cm) m aqueous (a) glycine, (b) L-histidine 
and (c) L-arginine
In  a q u e o u s  h is tid in e , th e  v a ria tio n  o f  u ltra so n ic  v e lo c ity  
(F ig u re  lb )  sh o w s tw o  sm all p e a k s  a t Cm o f  0 .0 0 0 2  an d
0 .0 0 0 6  w h ile  th e  a d ia b a tic  c o m p re ss ib il ity  (F ig u re  1 b ) sh o w s 
sm all d ip s  at c o rre sp o n d in g  c o n c e n tra tio n s . T h e  v o lu m e  
e x p a n s iv ity  w ith  Cm sh o w s a  d ip  at 0 .0 0 0 6  (F ig u re  2 b). 
T h e  v a ria tio n s  o f  in te rn a l p re s su re  (F ig u re  3 b ) a n d  sp ec if ic  
h ea t (F ig u re  4 b )  w ith  Cm e x h ib it tw o  p e a k s  a t m o la r  
c o n c e n tra tio n s  o f  0 .0 0 0 2  an d  0 .0 0 0 4 . T h e  tre n d  o f  van  d e r 
W a a l 's  c o n s ta n t ( 6 ) w ith  C„ is fo u n d  to  sh o w  n o n -lin e a r 
b e h a v io u r  w ith  sm a ll m a x im a  an d  m in im a  (F ig u re  5b).
In a q u e o u s  a rg in in e , th e  c u rv e  o f  u ltra so n ic  v e lo c ity  
(F ig u re  Ic )  w ith  Cm sh o w s a p eak  a t 0 .0 0 0 4  w h ile  th e
1. ■ 
(c)
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Figure 2. Variation of volume expansivity (a) with molar concentration 
(Cm) in aqueous (a) glycine, (b) L-histidine and (c) L-arginine
e x p a n s iv ity , in te rn a l p re s su re  an d  sp e c if ic  h e a t w ith  Cm arc 
a ll fo u n d  to  e x h ib it a p e a k  a t 0 . 0 0 0 2  an d  a  d ip  a t 0 .0 0 1  
(F ig u re  2 c , 3c , 4 c ). T h e  v a ria tio n  o f  b w ith  Cm e x h ib its  a  dip 
a t 0 .0 0 0 2  a n d  a p eak  a t 0 .0 0 0 4  (F ig u re  5c).
W h e n  a m in o  a c id  d is s o lv e s  in w a te r , a m in e s  and 
c a rb o x y lic  g ro u p s  s tro n g ly  in te ra c t a n d  a re  p re s e n t in  ionic 
fo rm s (N H 3^  a n d  C O O  ). A  m o re  d e n se  p a c k in g  of water 
m o le c u le s  in th e  v ic in ity  o f  su ch  io n s su g g e s t th a t cohesion 
th ro u g h  h y d ra tio n  is m o re  p ro b a b le  [8 ]. S p e c if ic  h e a t values 
are  c o n s id e re d  to  b e  se n s itiv e  to  th e  a r ra n g e m e n t of the
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solvent an d  so lu te  m o le c u le s  [9 ] . It  is th e  in d ica tio n  o f  
so lu te-so lven t in te ra c tio n . T h e  in te rn a l p re s su re  in  so lu tio n  could be u sed  fo r  s tu d y in g  th e  m o le c u la r  a sso c ia tio n  th ro u g h  
hydrogen b o n d in g  [ 1 0 ].
tiRure 3. Variation of internal pressure (/*<) with molar concentration (C;„) 
<n aqueous (a) glycine, (b) L-histidine and (c) L-argininc
The v a r ia tio n  o f  th e  th e rm o d y n a m ic a l p a ra m e te rs  w ith  
increase in m o la r  c o n c e n tra tio n  is fo u n d  to  sh o w  n o n -lin e a r 
behaviour. T h is  n o n -lin e a r ity  c o n firm s  th e  p re se n c e  o f  
complex fo rm a tio n , so lu te -s o lv e n t in te ra c tio n  [ 1 1 ] an d  w eak  
association d u e  to  h y d ra tio n  [1 2 ]. T h e  sm all in c rea se  in 
ultrasonic v e lo c ity  m ay  b e  a ttr ib u te d  to  th e  b re a k in g  o f  
clusters by  th e  a m in o  a c id  m o le c u le s  re su ltin g  in e n h an c in g  
ihe c lo se -p ack ed  s tru c tu re  o f  w a te r. T h is  in c rea se s  c o h esio n  
between w a te r  m o le c u le s , h e n c e  th e  a d ia b a tic  co m p re ss ib ility
d ec re a se s  w ith  in c rea se  in  m o la r  co n c e n tra tio n . T h is  in d ic a te s  
th e  e n h an cem en t o f  d eg re e  o f  a sso c ia tio n  [1 3 ] d u e  to  th e  
la rg e r p ro b a b ility  o f  fo rm a tio n  of  h y d ro g e n  b o n d in g  in 
b e tw een  b io m o le c u le s  a n d  w a te r  m o le c u le s . T h u s  th e
Figure 4. Variation of specific heal (C,,) with molar conccmralion (C„) 
m aqueous (a) glycine, (b) L-histidine and (c) L-arginine
in te rm o lecu la r  d is tan ce  d e c re a se s  w ith  in c re a se  in  m o la r  
co n c e n tra tio n  sh o w in g  th a t th e  co h e s iv e  o r  in te rm o le c u la r  
fo rces  a re  stro n g er.
T h e  sp ec ific  h e a t va lu es in b io lo g ic a l f lu id  m ix tu re s  a re  
fo u n d  to  d e c rea se  o r in c rea se  w ith  m o la r  c o n c e n tra tio n  as 
c o m p ared  to  w ater. T h e  d e c re a se  in  sp e c if ic  h e a t sh o w s 
s tru c tu re -b re a k in g  te n d e n c y  d u e  to  e le c tro s tr ic tio n  o f  C O O " 
and  N H 3 g ro u p s . T h e se  a re  se p a ra te d  b y  o n ly  o n e  - C H 2
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g ro u p ; as  a  re su lt, th e  h y d ra tio n  sp h e re s  o f  th e  tw o  o v e rla p s  
a re  o b se rv e d . T h e  o r ie n ta tio n  o f  w a te r  d ip o le s  a ro u n d  C O O ~ 
a n d  N H 3 is e x a c tly  o p p o s ite  d u e  to  th e  rev e rse  p o la rity . 
H e n c e  in th e  o v e rla p  re g io n , w a te r  m o le c u le s  ex is t in a















Figure 5. Variations of van dcr Waals' constant {h) with molar concentration 
(Cm) in aqueous (a) glycine, (b) L-histidinc and (c) L-argininc
re la tiv e ly  d is o rd e re d  s ta te . T h e  in c re a se d  sp e c if ic  h ea t sh o w s 
s tru c tu r e -m a k in g  a b il i ty  i,e h y d ro p h o b ic  h y d ra t io n  o r 
s tru c tu re -e n h a n c in g  p ro p e n s ity  o f  a m in o  a c id s  w ith  rise  in 
m o la r  c o n c e n tra tio n  o f  a m in o  a c id . D u rin g  th is  tim e , 
e le c tro s tr ic tio n  e ffe c t ( s tru c tu re  b re a k in g )  d u e  to  d ip o la r  
c h a ra c te r  re m a in s  c o n s ta n t an d  in d e p e n d e n t o f  s id e  ch a in  o r 
g ro u p s .
T h e  in te rn a l p re s su re  is fo u n d  to  in c re a se  o r  d ec rea se  m 
a q u e o u s  a m in o  a c id s . T h e  in te rn a l p re s su re  in c re a se s  with 
m o la r  c o n c e n t r a t io n  in d ic a te s  th e  o r ie n ta t io n  o f  the 
so lv e n t m o le c u le s  a ro u n d  th e  ions. T h is  m a y  b e  d u e  to  the 
in f lu en ce  o f  e le c tro s ta tic  f ie ld  o f  io n s  ie. th e  solution 
b e c o m e s  h a rd e r  to  c o m p re ss . T h is  a lso  sh o w s th e  associating  
te n d e n c y  o f  th e  m o le c u le s  w h e re a s  th e  re d u c tio n  in internal 
p re s su re  sh o w s th e  d is so c ia t in g  te n d e n c y  o f  th e  m olecules 
in b io -so lu tio n s . T h e  in c re a se  in th e  v a lu e  o f  v an  d e r  W aals 
c o n s ta n t b w ith  m o la r  c o n c e n tra tio n  c a n  b e  c a u se d  due lo 
d is so c ia tio n  o f  a c lo se d  p a c k in g  o f  th e  m o le c u le s  inside the 
sh e ll.
F ro m  th e  a b o v e  s tu d ie s , th e  m a jo r  c o n c lu s io n s  m ay be 
su m m a rise d  as  ;
(i)  T h e  n o n - l in e a r  v a r ia t io n  o f  th e rm o d y n a m ic a l 
p a ra m e te rs  w ith  m o la r  c o n c e n tra tio n s  o f  amino 
a c id s  p r o v id e s  u s e f u l  in f o r m a t io n  a b o u t the 
n a tu re  o f  in tc rm o le c u la r  fo rc e s  e x is tin g  m the 
m ix tu re .
( ii)  T h e  n o n -lin e a r ity  c o n f im is  th e  p re s tu ice  o f coniplcv 
fo rm a tio n , m o le c u la r  a s so c ia tio n  o r d isso c ia tm n  hi 
b io lo g ic a l flu id  m ix tu re  m a y  b e  d u e  to  th e  breakim- 
o r m ak in g  o f  h y d ro g e n  b o n d in g  in w a te r  and 
ac id  m o lecu le s .
(lii)  T h e  o b se rv e d  c o m p le x  fo rm a tio n  a n d  moieculai 
a s so c ia tio n  in p re se n t liq u id  m ix tu re s  m ay  be dni: 
to  th e  fo rm a tio n  o f  h y d ro g e n  b o n d in g  in ilu 
m o le c u le s  o f  w a te r  an d  a m in o  a c id . T h is  show the 
te n d e n c y  o f  so lu te -s o lv e n t in te ra c t io n  and weak 
a sso c ia tio n  a r is in g  d u e  to  h y d ra tio n .
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